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Background: Although the metabolic syndrome can predict cardiovascular events in middle-aged individuals, data on its association with the progression of subclinical atherosclerosis, particularly in elderly women, are limited. We investigated the association of the metabolic syndrome with the progression of carotid intima-media thickness (IMT) in elderly women.
Methods:
We performed a 12-year follow-up study in a population-based sample of 101 women (age range at baseline, 60-70 years). All study variables were measured at baseline and 12 years later. We used the National Cholesterol Education Program definition for metabolic syndrome (Ն3 of 5 risk factors) and quantified carotid IMT noninvasively by ultrasonography.
Results: The prevalence of metabolic syndrome increased from 13% at baseline to 46% after 12 years of fol-low-up (PϽ.001). The mean±SD IMT increased by 21% (from 1.05±0.31 mm to 1.27±0.38 mm) during 12 years (PϽ.001). Among the individuals without metabolic syndrome at baseline, the increase in carotid IMT was greater in 34 women who developed metabolic syndrome during 12 years (0.31±0.37 mm) than in 54 women who did not (0.16±0.25 mm) after adjustment for age, prevalent cardiovascular diseases, physical activity, smoking, alcohol intake, serum low-density lipoprotein cholesterol level, use of cholesterol-lowering medication, carotid IMT, and National Cholesterol Education Program metabolic risk score at baseline (P =.04 for difference).
Conclusion: Incident metabolic syndrome is associated with accelerated progression of carotid IMT in elderly women.
Arch Intern Med. 2006; 166:444-449 T HE METABOLIC SYNDROME IS an important risk factor for type 2 diabetes and atherosclerotic cardiovascular disease (CVD). 1, 2 As CVD is the leading cause of death not only in men but also in women, 3 the prevention of metabolic syndrome is important to reduce the morbidity and mortality associated with type 2 diabetes and CVD. Metabolic syndrome is characterizedbyabdominalobesity,increased plasma triglyceride levels, low plasma highdensity lipoprotein (HDL) cholesterol levels, elevated blood pressure readings, and insulin resistance with or without glucose intolerance. 4 The Third National Health and Nutrition Examination Survey reported that the prevalence of metabolic syndrome was 24% in adults older than 20 years and 42% in individuals 70 years or older in the United States. 5 The Third National Health and Nutrition Examination Survey also showed that the prevalence of metabolic syndrome is increasing in adults. 5 Intima-media thickness (IMT) of carotid arteries, as assessed noninvasively by ultrasonography, is a useful measure of preclinical atherosclerosis. Carotid IMT has been found to predict future risk of myocardial infarction and stroke, and a change in carotid IMT has been validated as a vascular marker of the progression of atherosclerosis. 6 Ultrasonographic measurement of carotid IMT appears to be a more sensitive method for detecting early atherosclerosis than angiography. 6 As a noninvasive measure, carotid IMT is also a safer and cheaper method for assessing preclinical atherosclerosis than angiography. 6 Moreover, ultrasonographic measurement of carotid IMT is a more suitable technique for assessing the progression of preclinical atherosclerosis than the quantification of coronary calcium, especially in elderly individuals, most of whom have coronary calcification.
Many cross-sectional studies 7-9 have shown an association of metabolic syndrome with carotid IMT. However, limited prospective data are available on the association between the metabolic syndrome and the progression of carotid IMT, 10 particularly in elderly women. To prevent clinical cardiovascular events, such as myocardial infarction and ischemic stroke, it is important to detect risk factors for the progression of preclinical ath-erosclerosis in elderly women at a high risk of CVD. We therefore investigated the association of incident metabolic syndrome with changes in carotid IMT during 12 years of follow-up in a population-based sample of elderly women.
METHODS

STUDY POPULATION
The subjects of the present study were derived from a populationbased, randomly selected sample of 299 women 50 to 60 years of age who were examined as a part of the large risk factor survey in Finland in 1982. 11 The women were invited for reexaminations in 1991, and altogether, 202 women 60 to 70 years of age completed the examinations between October 1991 and March 1992. Because 32 women had died or could not be contacted, 170 women 70 to 80 years of age were eligible for the follow-up study in 2003. Of 170 women who were invited to participate in the follow-up study, 57 did not participate. The reasons for not participating included musculoskeletal problems (n=11), dementia (n=2), stroke (n=1), cancer (n=1), death (n=4), other health problems (n=18), unwillingness (n=16), and unknown (n=4). The nonparticipants were older (65.4 years vs 63.9 years, P=.004) and less educated (7. 
BIOCHEMICAL ANALYSES
Venous blood samples were obtained after a 12-hour fast. Serum cholesterol and triglyceride levels were measured by enzymatic colorimetric methods. High-density lipoprotein (HDL) cholesterol levels were measured using an enzymatic colorimetric method in a supernatant after precipitation with dextran sulfate and magnesium chloride. Low-density lipoprotein (LDL) cholesterol level was calculated according to the Friedewald formula. The hexokinase method was used for blood glucose analyses.
OTHER MEASUREMENTS
Body height, weight, and waist circumference were measured according to the MONICA protocol. 12 The BMI was computed by dividing weight in kilograms by height in meters squared. Blood pressure in the right arm was recorded as the mean of 2 measurements taken 5 minutes apart. The women completed a self-administered questionnaire on diseases diagnosed by a physician (previous year), medications (previous week), cigarette smoking (nonsmoker vs smoker), and alcohol intake (No. of drinks in previous week). Time spent in habitual physical activity was estimated using an interviewed questionnaire (minutes per week). Framingham risk score was calculated by summing up risk points for age, LDL and HDL cholesterol levels, systolic and diastolic blood pressure readings, prevalent diabetes, and current smoking habits. 13 
DEFINITION OF THE METABOLIC SYNDROME
The metabolic syndrome was defined by the National Cholesterol Education Program (NCEP) criteria, 4 summing up the category scores (0, low risk; 1, increased risk) for blood pressure (Ն130/85 mm Hg and/or drug treatment), blood glucose (Ն110 mg/dL [Ն6.1 mmol/L]), HDL cholesterol (Ͻ50 mg/dL [Ͻ1.29 mmol/L]), triglycerides (Ն150 mg/dL [Ն1.7 mmol/L]), and waist circumference (Ͼ88 cm). The sum of at least 3 risk factors was defined as metabolic syndrome. 4
ASSESSMENT OF CAROTID ATHEROSCLEROSIS
Carotid artery atherosclerosis was assessed noninvasively by ultrasonography as the mean IMT. The methods for carotid ultrasound imaging and reading have been described previously. 14 The measurements were made by certified sonographers in both study years. An ultrasound device with a highresolution 10-MHz transducer was used, following a standardized and pretested protocol, and the scannings were recorded on super-VHS videotape. Owing to missing data on the left carotid IMT in 1992 (available for 64 women), we used the mean IMT in the right carotid bifurcation for the statistical analyses to obtain more statistical power.
STATISTICAL ANALYSIS
Differences in demographic, metabolic, and clinical characteristics, as well as carotid IMT, among women with or without metabolic syndrome at baseline and between women who did or did not develop metabolic syndrome during the 12-year follow-up were analyzed using an independent samples t test or the Mann-Whitney test for continuous variables and the 2 test for categorical variables. To test changes in metabolic and clinical characteristics, as well as carotid IMT between study years, a paired samples t test or the Wilcoxon rank sum test for continuous variables and the McNemar test for categorical variables were used. Blood glucose levels were not normally distributed, and log-transformed values were used in statistical analyses. Because the distribution for alcohol intake was highly skewed, only nonparametric tests were used. Analysis of covariance was used to compare the change in mean carotid IMT in women with or without incident metabolic syndrome as well as in women with no increase or an increase of 1 or at least 2 metabolic risk factors during the follow-up. In multivariate analyses, data were adjusted for age, prevalent CVD (coronary heart disease or cardiac insufficiency), physical activity, smoking, alcohol intake, serum LDL cholesterol level, cholesterollowering medication, carotid IMT, and NCEP metabolic risk score at baseline. Linear regression analysis was used to assess the independent association of individual metabolic risk factors at baseline with the change in carotid IMT. A significance level of P=.05 was used for all statistical tests. Values are expressed as mean±SD. Statistical analyses were performed using a commercially available software package (SPSS for Windows, Release 11.5; SPSS Inc, Chicago, Ill).
RESULTS
At baseline, the women had, on average, 1.5 metabolic risk factors, and 13% of them had metabolic syndrome (Ն3 risk factors). Women with metabolic syndrome had higher body weight, BMI, waist circumference, and glucose and triglyceride levels as well as lower HDL cholesterol levels than those without metabolic syndrome ( Table 1) . None of the women had diabetes at base-line. Women with metabolic syndrome had an 18% greater mean carotid IMT at baseline than those without metabolic syndrome (1.21 mm vs 1.03 mm, P = .06).
At the end of the 12-year follow-up, the women had on average 2.3 metabolic risk factors (PϽ.001 for difference for comparison with baseline), and 46% of them had metabolic syndrome (PϽ.001 for difference for comparison with baseline). While waist circumference increased by 10% (from 82.4 ± 10.1 cm to 91.0 ±11. 5 .001) . Simultaneously, the use of drugs for hypercholesterolemia increased from 7% to 36% (PϽ.001), and the use of drugs for hypertension increased from 23% to 56% (PϽ.001). Although there were no women with diabetes at baseline, 11% (n=11) of them had diabetes 12 years later. The mean carotid IMT increased by 21% during 12 years (from 1.05 ± 0.31 mm to 1.27±0.38 mm, PϽ.001).
There was no difference in the change of carotid IMT during 12 years between the 88 women without the metabolic syndrome at baseline and the 13 women with it (ϩ0.21 vs ϩ0.20 mm, P=.92). After the women with metabolic syndrome at baseline were excluded, 34 women with incident metabolic syndrome had higher waist circumferences, BMIs, triglyceride levels, glucose levels, and blood pressure readings as well as lower HDL cholesterol levels at baseline than 54 women without the metabolic syndrome during 12 years ( Table 2 ). After adjustment for age, prevalent CVD, physical activity, smoking, alcohol intake, LDL cholesterol level, use of drugs for hypercholesterolemia, carotid IMT, and NCEP metabolic risk score at baseline (Figure 1, model 1) , the mean increase in the mean carotid IMT was 2.0 times greater in those who developed the metabolic syndrome than in those who did not. Adjustment for waist circumference reduced the difference in the carotid IMT increase by 23% (model 2) and adjustment for triglyceride levels reduced it by 19% (model 3). The difference did not change and remained statistically significant after adjustment for glucose, HDL cholesterol, and systolic blood pressure (models 4-6). Adjustment for Framingham risk score had no effect on the difference (IMT change 0.16 and 0.31 mm, P=.04).
In 88 women without metabolic syndrome at baseline, the more metabolic risk factors that occurred during the 12-year period, the greater the increase in the mean carotid IMT (Figure 2, model 1, P=.04 for difference). The IMT increase was 2.4 times greater in women who developed at least 2 metabolic risk factors than in those with no increase in risk factors after adjustment for age, prevalent CVD, physical activity, smoking, alcohol intake, LDL cholesterol level, use of drugs for hypercholesterolemia, carotid IMT, and NCEP metabolic risk score at baseline (Figure 2, model 1) . Adjustment for waist circumference reduced the difference in the carotid IMT increase by 21% (model 2) and triglyceride levels by 20% (model 3). Again, adjustment for serum levels of glucose and HDL cholesterol, systolic blood pressure (models 4-6), and the Framingham risk score (IMT change 0.15 and 0.37 mm, P=.03 for difference) had no effect on the difference. 
COMMENT
The present study showed that incident metabolic syndrome and the increasing number of metabolic risk fac- tors was able to predict the progression of carotid IMT in elderly women over a 12-year period. The progression rate of carotid IMT in these women was comparable to that which we recently reported in men from Eastern Finland who were 10 years younger. 14 The present findings are potentially important from the public health, clinical, and economic points of view. Given the rapidly increasing elderly population in Western societies and the high risk of clinical cardiovascular events in this population, carefully planned health promotion programs and treatments for the metabolic syndrome are urgently needed. The present results support the findings of studies in middle-aged individuals that have reported a direct relationship of metabolic risk factors with carotid IMT 10, 15 and the risk of CVD. 2, 9 In a previous 5-year study, patients with the metabolic syndrome had an increased risk of developing carotid atherosclerosis. 10 Also, individuals with multiple risk factors at baseline had a higher carotid IMT 15 years later. 15 Consistent with previous cross-sectional findings, 8 incident metabolic syndrome was a stronger predictor for the progression of carotid IMT than the individual components of the syndrome in the present follow-up study. Of the components, increased waist circumference and triglyceride levels contributed most to the association between the metabolic syndrome and the change in carotid IMT. These data suggest that emphasis should be focused on multiple metabolic risk factors in elderly women rather than on each risk factor separately.With this approach, it would be possible to identify a large number of individuals who are at an increased risk for clinical CVD.
An important finding of our study is that incident metabolic syndrome was associated with the progression of carotid IMT even after the Framingham risk score was controlled for. This observation suggests that incident metabolic syndrome provides additional information regarding the progression of preclinical atherosclerosis beyond conventional risk factors and can therefore improve the prediction of clinical CVD.
The progression of atherosclerosis clearly increases after menopause, 16 and CVD is the primary cause of death in women. 3, 17 The prevalence of stroke increases with age in both sexes, but the lifetime risk of dying of stroke has been reported to be 2 times higher in women than in men. 18 Also, women with metabolic syndrome, even without diabetes, were found to have at least a 2-fold risk of ischemic stroke or transient ischemic attack. 19 The present 12-year population-based follow-up study emphasizes the importance of early detection of metabolic syndrome to prevent CVD in elderly women.
In our study, the prevalence of metabolic syndrome increased from 13% to 46% in 12 years. Although the body weight of the women remained the same during followup, their waist circumference increased by 10%. This finding may reflect an aging-associated progressive decrease in muscle mass 20 and an increase in body adiposity, particularly in the abdominal area. [21] [22] [23] Abdominal obesity has been found to predict the development of metabolic syndrome, 24, 25 atherosclerosis, 26, 27 and clinical cardiovascular events. 28 In the present study, the women with metabolic syndrome had a higher waist circumference and BMI at baseline than those without metabolic syndrome. These findings suggest that abdominal obesity is a major com-ponent of metabolic syndrome and also partly explain the association between incident metabolic syndrome and the progression of carotid IMT. Lifestyle modification, including regular physical activity and dietary changes, helps to prevent metabolic syndrome and CVD by maintaining healthy body weight and avoiding aging-related loss of muscle mass in later life.
The strengths of the present study include the population-based cohort of elderly women and the long follow-up period. Change in carotid IMT, as assessed by ultrasonography, has been validated as a vascular marker of atherosclerosis progression. 6 We used carotid bifurcation IMT to assess atherosclerosis and its progression because carotid bifurcations are prone to local plaque formation. 29 The same ultrasound device and standard protocols and methods were used by trained and experienced staff in 1992 and 2003. Three certified sonographers performed ultrasonography scans, and one of them read all the scannings.
One limitation of our study was the potential selection of healthier women into the study. The participants in the follow-up were younger and better educated and had less metabolic risk factors than the nonparticipants. The study sample was relatively small, which limits statistical power and could have resulted in an underestimation of the true associations because of smaller differences in variables of interest in population extremes. A considerable increase in the use of antihypertensive and cholesterol-lowering medications in the present study apparently decreased blood cholesterol and blood pressure levels during the 12 years. Because cholesterol-lowering medication was not considered in the NCEP definition, it was included in the multivariate model. Moreover, only a few elderly women in the present study population were smokers. These factors may also have resulted in an underestimation of the true associations of the metabolic syndrome, smoking, and increased LDL cholesterol levels with the progression of carotid IMT.
Our findings demonstrate that incident metabolic syndrome can predict the progression of carotid IMT, an indicator of development of preclinical atherosclerosis, in elderly women. They emphasize the importance of ongoing efforts to identify and control metabolic syndrome as early as possible to prevent CVD, even in the aging population. 
